INTRODUCTION
============

Spontaneous intracerebral hemorrhage (ICH) is a major cause of mortality and disability in neurosurgical practice. The relationship of meteorological factors and spontaneous ICH has been studied extensively. However, the results varied according to climate, geography, and study design. Seasonal variation has been found in many countries.[@B2][@B6][@B10][@B15][@B19][@B20] Various meteorological factors, including ambient temperature, atmospheric pressure, and change of diurnal temperature were also demonstrated to show association with the incidence of spontaneous ICH.[@B4][@B6][@B7][@B11][@B12] In contrast, a single study failed to show a relationship between meteorological variables and the occurrence of ICH.[@B3]

In addition, age is a demographic risk factor in the occurrence of ICH.[@B5] As in most developed countries, the general population of South Korea is aging. Therefore, interest in public health is likely to increase in the older age group. It is worthwhile to have knowledge of how the occurrence of ICH is influenced by meteorological factors in the older age group, because it might be helpful in promoting public health in a metropolitan city.

MATERIALS AND METHODS
=====================

The study population comprised 735 patients admitted to our institution suffering from spontaneous ICH from January 2000 to December 2009. All patients were evaluated by neurosurgeons and underwent workup by brain computed tomographic (CT) scans or magnetic resonance imaging. We excluded secondary causes of ICH (due to cerebral aneurysm, arteriovenous malformation, moyamoya disease, and trauma) based on CT findings and past medical history. When necessary, cerebral angiography was performed to exclude other etiologies. We also excluded patients for whom the onset day was not known and patients who were transferred in from outside the city. We retrospectively analyzed the clinical data of these patients, including age, sex, past history of hypertension, diabetes mellitus, and the date of ICH onset.

Data on ambient temperature (℃), dew point temperature (℃), daily precipitation amount (mm), wind speed (m/s), relative humidity (%), and atmospheric pressure (hPa) from 1 January 2000 to 31 December 2009 in Seoul, where the hospital was located, were obtained from the Korea Meteorological Administration. The hospital is located in northeast Seoul. The distance between the Seoul meteorological observatory and the hospital is approximately 12 km. For statistical analysis, we used meteorological data measured at the Seoul meteorological observatory.

Changes in mean, minimum, and maximum temperatures were calculated as the differences between the date of and the day before the onset of ICH, i.e., mean temperature change was calculated as mean temperature of onset day - mean temperature of the day before onset.

Observed and expected numbers of ICH patients were obtained by 5℃ intervals of ambient temperature and changes in mean, minimum, and maximum temperature. Subsequently, the ratio of observed to expected frequencies was calculated. Expected frequency was calculated as Eij=(Ri × Cj) / T; where Eij is the expected frequency of the cell in the ith row and the jth column, Ri is the total number of subjects in the ith row, Cj is the total number of subjects in the jth column, and T is the total numbers of the whole table.

Non-parametric significance tests were used for comparison of meteorological differences between groups, since the meteorological factors were not normally distributed. The chi-square test was used for evaluation of observed versus expected numbers of ICH events by ambient temperature. The Wilcoxon-Mann-Whitney test was used to test differences in meteorological variables between the onset and non-onset days. The Kruskal-Wallis test was used for comparison of meteorological variables between age groups by gender. Analyses were performed using SAS statistical software (SAS Institute Inc., Cary, NC, United States). A probability value less than 0.05 was considered statistically significant.

RESULTS
=======

We analyzed 735 patients (400 men, 335 women) with a mean age of 62 ± 13 years. Clinical data of 735 enrolled patients are shown in [Table 1](#T1){ref-type="table"}. ICH was observed more frequently (observed/expected ratio ≥ 1) at lower mean, minimum, and maximum ambient temperature (*p* = 0.0002, 0.0003, and 0.0002, respectively). When the change in maximum temperature from the day before was ≤ -5 or ≥ 5℃, ICH was observed more frequently (*p* = 0.0094) ([Table 2](#T2){ref-type="table"}). Significantly lower mean, minimum, and maximum ambient temperature, lower dew point temperature, higher wind speed, and higher atmospheric pressure (*p* = 0.0003, 0.0005, 0.0001, 0.0013, 0.0431, and 0.0453, respectively) were observed on days on which spontaneous ICH occurred ([Table 3](#T3){ref-type="table"}). In the subgroup analysis, the ICH onset day showed significant differences in mean, minimum, and maximum ambient temperature, dew point temperature, relative humidity, and atmospheric pressure in the older (≥ 65 years) female group compared with other groups (*p* = 0.0093, 0.0077, 0.0165, 0.0028, 0.0055, and 0.0205, respectively) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

In this study, we found a significant association between lower ambient temperatures and the occurrence of ICH in a metropolitan city in South Korea. Other meteorological parameters, including dew point temperature, wind speeds, and atmospheric pressure also showed significant association with the occurrence of ICH.

The relevant literature provides inconsistent results for the relationship between ICH and ambient temperature. In a retrospective study, ICH tended to occur more frequently than expected at lower ambient temperatures.[@B14] A multi-community cohort study conducted in Japan reported an association of low ambient temperature and high annual rainfall with increased risk of stroke incidence in women.[@B10] A study conducted in Hong Kong showed a strong, negative linear association of daily temperature with hemorrhagic stroke admission.[@B4] A population-based study conducted in northern Portugal found that the incidence of ICH increased by 11.8% for each degree drop in the ambient temperature on the preceding day.[@B9] This association is generally explained by the fact that low ambient temperature induces elevation of blood pressure by the constriction of peripheral vessel and changes in blood viscosity, platelet count, and catecholamine secretion.[@B1][@B8] In contrast, Field et al.[@B3] reported that ICH occurrence did not show any association with changes in weather parameters. They concluded that these discrepancies might be explained by confounding factors such as socioeconomic conditions, emotional stress, genetic factors, and study design.

Our study also found an increase in ICH with higher atmospheric pressure. Consistent with our findings, a study from Spain showed that the incidence of ICH was related to the daily increases in atmospheric pressure.[@B7] Nakaguchi et al.[@B12] showed that the incidence of ICH tends to be high when atmospheric pressure is above the yearly mean value for two-three days preceding the day of onset, or that the pressure is high on the day of onset. They interpreted this finding by suggesting that peripheral vessels are compressed and constricted under high atmospheric pressure causing high blood pressure and increased sympathetic tone. In addition, oxygen saturation can increase when engaging in excessive physical activity. Therefore, high atmospheric pressure is considered to increase the incidence of ICH by these direct and indirect effects. In 2012, Goggins et al.[@B4] found an increase in hemorrhagic stroke admissions with increased air pressure from the day before stroke onset. They emphasized the possibility that changes in atmospheric pressure could cause changes in pressure across the vessel wall and in endothelial function, leading to rupture.[@B4][@B7]

One of the interesting results of our study is that ICH tends to occur more frequently on days with faster wind speed. In Seoul, the wind speed is usually faster during the spring and winter than during other seasons.[@B13] Therefore, low ambient temperature with faster wind speed may increase the occurrence of ICH in this moderate climate area.

In addition, we found that the older female group is more susceptible to ICH in lower ambient temperature, compared with other groups. Some investigators reported that seasonal and temperature variations were more noticeable in older patients.[@B4][@B16][@B20] There is no clear explanation for this finding; however, Passero et al.[@B16] suggested that the elderly might have exaggerated physiological responses to cold weather, with greater increases in blood pressure, as shown in studies of myocardial infarction and ischemic stroke.[@B15][@B18] A hospital-based study found that the incidence of ICH was prominent in the older population, and hypothesized the possibility that older age is more susceptible to environmental changes.[@B19] A recent cohort study conducted in Japan reported that females were more susceptible to lower ambient temperature in stroke incidences than males independent of conventional risk factors.[@B10] There is no clear explanation for this finding, however, this appears to be caused by the difference of cold-induced vascular reaction according to gender.[@B17]

Our study has certain limitations, apart from the inherent limitations of the retrospective design. First, this hospital-based study may have underestimated the true incidence of ICH in the community. Second, the meteorological factors measured in one area could not represent the ambient temperature actually experienced by the ICH patient. Third, it would be difficult to know the exact time of ICH onset and the setting in which the hemorrhagic event began (i.e. indoor or outdoor, cold protection devices, and emotional stress). Fourth, socioeconomic factor of the patients may contribute to the occurrence of ICH in a metropolitan city. In this study, we did not investigate this factor. These limitations may have confounded the study results.

CONCLUSION
==========

The occurrence of spontaneous ICH is closely associated with meteorological factors, and the older females are more susceptible to lower ambient temperature. Further studies with multi-center data may be helpful in elucidating the risk of the occurrence of ICH and promote public health in a community.

###### 

Clinical data of 735 enrolled patients
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ICH = intra-cerebral hemorrhage

###### 

Observed versus expected numbers of ICH events by ambient temperature and change in mean, minimum, and maximum temperature
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Chi-square test was used for evaluations.

Temperatures were measured at the Seoul Meteorological observatory from 2000 to 2009
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Relationships between onset of ICH and meteorological factors
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The Wilcoxon-Mann-Whitney test was used for evaluations.

^\*^Number of meteorological parameters for onset day was 658, because ICH occurred on the same day in 77 patients (735-77=658).

Note: All values are the median, and were measured at the Seoul Meteorological observatory from 2000 to 2009.
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Distributions of meteorological factors between age groups by gender
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The Kruskal-Wallis test was used for evaluations.

All values are the median, and were measured at the Seoul meteorological observatory from 2000 to 2009.
